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Abstract
In this study, the electrical conductivity of a silicone elastomer "lled with inorganic "llers was 
investigated upon electron irradiation. Neat samples consisting of the isolated polysiloxane 
matrix (with no "llers) were studied in parallel to identify the "ller contribution to this 
evolution.
It was shown that exposure to 400 keV electron doses induced a decrease in electrical 
conductivity for both the "lled and neat materials. This decrease was much more pronounced 
with the "lled samples than with the neat ones. Moreover, the activation energy of electrical 
conductivity (Arrhenius behaviour) doubled in the "lled case, while it varied only weakly 
for the neat case. In light of these results, structure–property relationships were proposed 
on the basis of the radiation-induced crosslink processes to which this material is subject. 
In the framework of electronic percolation theory, it is suggested that the radiation-induced 
formation of SiO3 crosslinks in the polysiloxane network and SiO4 crosslinks at "ller–matrix 
interfaces affects the percolation path of the material, which can be simply modelled by a 
network of resistors in series. On one hand, their densi"cation increases the overall resistance 
of the percolation path, which results in the observed decrease of effective electrical 
conductivity. On the other hand, the steep increase in activation energy in the "lled material 
attributes to the SiO4 crosslinks becoming the most restrictive barrier along the percolation 
path.
In spite of the misleading likeness of electrical conductivities in the pristine state, this 
study presented evidence that silicone formulation can affect the evolution of electrical 
properties in radiative environments. To illustrate this conclusion, the use of this material 
in space applications, especially when directly exposed to the radiative space environment, 
was discussed. The decrease in electrical conductivity was associated with a progressively 
increasing risk for the occurrence of electrostatic discharge and consequent spacecraft failures.
Keywords: silicone, ionising radiations, crosslinking, electrical resistivity, electrical ageing, 
structure–property relationships
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1. Introduction
When it comes to space applications, electrical resistivity is a 
key property of surface dielectric materials such as adhesives, 
thermal coatings, or cover glasses. The low-energy electrons 
(primarily those of a few tens of keV [1]) from the geosta-
tionary space environment deposit and accumulate on these 
materials proportionally to their electrical resistivity. Surface 
potentials up to a few kV build up and may lead to electro-
static discharges. These discharges are a concern when they 
occur in the form of destructive sustained arcs, which are 
most often triggered on solar panels due to direct access to the 
electrical energy stored in the batteries [2]. The elements (e.g. 
solar cells) involved in such arcs suffer permanent damage, 
which could result in localised failures or even overall mission 
degradation.
Simultaneously, the charged particles from the space 
environ ment also produce radiation damage stemming from 
fundamental elastic (knock-on, Bremsstrahlung) and ine-
lastic (excitation and ionization) interactions with the atoms 
of materials [3]. In organic materials, radiolysis caused by 
inelastic scattering of incident particles with atomic electrons 
surrounding each nucleus is generally accepted as the main 
degradation mechanism [4, 5]. Due to radiolysis, bond break-
ages occur and lead to irreversible molecular rearrangements 
that underlie the concept of chemical ageing.
Silicone materials have been long known to preferentially 
crosslink (as opposed to predominantly chain scission) upon 
exposure to ionizing radiations [6, 7]. In a previous paper, the 
radiation-induced chemical ageing of a "lled silicone elas-
tomer was studied [8]. As already observed by Hill et al [9], 
the main polymer matrix crosslinking process involved the 
formation of T-type SiO3 bonds. Moreover, the formation of 
Q-type SiO4 bonds was observed in the irradiated "lled sam-
ples, and was attributed to "ller–matrix interfacial crosslinking. 
Network stiffening associated with these two crosslinking 
processes was evidenced mechanically (an increase in shear 
conservative modulus G′ with increasing ionizing dose) and 
by means of swelling tests (an increase in crosslink density 
with increasing ionizing dose).
This study aims to analyse the in$uence of chemical ageing 
on the electrical conductivity of a space-used "lled silicone 
elastomer. In light of previously identi"ed crosslinking mech-
anisms, structure–property relationships are sought so as to 
anticipate the in$uence of polymer formulation on the evo-
lution of its electrical conductivity in radiative environments. 
A practical interest related to space applications underlies this 
study: it concerns trends in the risk of electrostatic discharges 
associated with this material throughout its operational lifetime 
(~15 years).
2. Materials and methods
2.1. Materials
The studied material is a commercial (Wacker) two comp-
onent silicone elastomer that crosslinks at room temper ature 
(RTV, Room Temperature Vulcanization). Part A mainly 
consists of a poly(dimethylsiloxane-co-methylphenylsi-
loxane) resin (approximately 35 wt%) mixed with crystalline 
silica (α–quartz particles of the glass splinter type, the size of 
which in the range (0.2; 20 µm)) and iron(III) oxide (particle 
size in the range (0.1; 1 µm), with an aspect ratio of 1) "llers. 
Part B is a hardener containing a Pt catalyst responsible for 
polymerization. In the laboratory, the two components were 
manually mixed (weight ratio 9:1, according to the manufac-
turer’s data sheet) and poured into a mould consisting of a 
50  ×  50 mm² aluminium substrate, the edges of which had 
been covered with stacked layers of aluminium tape. Even 
though this material is able to crosslink at room temperature, 
a curing process of 6 h at 100 °C was performed after mixing 
to enhance sample reproducibility.
A "ltering process performed on part A allowed the separa-
tion and removal of "llers from the resin. Consecutive poly-
merisation with unmodi"ed part B allowed the elaboration 
of neat samples (no "llers), as opposed to "lled unmodi"ed 
samples (with "llers).
Figure 1 is microscope SEM image of a cryofractured 
"lled sample edge, in the backscattered mode, with incident 
electrons accelerated at 10 kV. It shows the two kinds of "llers 
(the small brighter dots correspond to the iron(III) oxide) and 
their homogeneous dispersion in the polysiloxane matrix.
The glass transition temperature of both "lled and neat 
materials were measured at  −117  ±  1 °C, suggesting a low 
phenyl side groups content (from [10], the phenylmethylsi-
loxane mass fraction was estimated to be approximately 10%).
2.2. Electron irradiations
Electron irradiations were performed under high vacuum in 
the SIRENE facility at ONERA. The procedure and dose 
calcul ations are detailed elsewhere [8] and summarised here. 
150 µm thick elastomer "lms were irradiated using a 400 keV 
Van de Graaff electron gun along with a set of aluminium 
Figure 1. SEM image of the edge of a cryofractured "lled sample 
(10 kV, backscattered electrons) showing the high wt% and 
homogeneous dispersion of "llers.
scattering foils to uniformly expose the sample surface. The 
ionizing dose D expressed in Grays (1 Gy  =  1 J kg−1) is 
de"ned by (1).
D
d
E
x
1 d
d
⎜ ⎟
⎛
⎝
⎞
⎠
= Φ (1)
where Φ is the particle $uence (in cm−2), d the material den-
sity, and dE/dx is the energy lost by an incident particle per 
unit length travelled in the material.
Ionizing doses up to 1.4  ×  106 Gy were achieved in less 
than 12 h by means of high beam currents in the order of 
10 nA cm−2. Samples irradiated in this way are uniformly 
aged (the dose deposited at the exposed face is less than two 
times lower than at the opposite face), and the doses mentioned 
throughout this manuscript are mean values corresponding to 
the dose in the middle of the "lm thickness.
2.3. Broadband dielectric spectroscopy
Broadband dielectric spectroscopy measurements were per-
formed isothermally in the frequency range (10−2; 106 Hz) 
on ~150 µm thick "lms placed between gold-plated stainless 
steel electrodes (diameter  =  30 mm). Using a Novocontrol 
broadband dielectric spectroscopy (BDS) 4000 impedance 
analyser, sinusoidal voltages of varying frequency U∗(ω) were 
applied to the sample while the intensity and phase shift of 
the current I∗(ω) were measured, allowing us to determine the 
complex impedance Z∗(ω) of the sample.
The complex dielectric permittivity was calculated from 
the experimental impedance values as in (2).
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The complex electrical conductivity was calculated by 
means of its de"nition (3), which directly links it to the com-
plex dielectric permittivity.
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2.4. Surface potential decay
The surface potential decay (SPD) technique consists of 
depositing a "nite electrostatic charge (by means of corona 
discharge or electron gun) at the surface of a dielectric sample, 
and then studying its isothermal decay dynamics. In this study, 
SPD measurements were performed at ONERA in a high 
vacuum (~10−6 mbar) specially designed enclosure. A STAIB 
EG10 10 keV electron gun was used to charge the surface of 
~150 µm-thick "lms and achieve initial potentials of ~  −4 kV. 
The surface potential was monitored by a TREK 341B non-
contact vibrating Kelvin probe. A thermally-regulated sample 
holder ($ow of liquid nitrogen and heating resistor) controlled 
temperature (−160; 150 °C).
tdV/dt transformations were performed on the exper-
imental SPDs. This mathematical transformation was "rst 
brought to the "eld of charge decay studies by Watson [11], 
and later generalised as a versatile tool for evidencing relaxa-
tion and conduction phenomena in disordered dielectrics [12]. 
When applied to a simple exponential decay function (such 
as V0e
−t/τ), this transformation turns it into a peak centred on 
the decay time constant τ, with an amplitude of V0/e. When 
applied to stretched exponential decays (such as in "gure 2), 
it also produces well de"ned peaks that allow the determina-
tion of experimental decay time constants, as evidenced by the 
inset of "gure 2.
By analogy with the ideal parallel plate capacitor, and if 
one considers that charge transport is the only phenomenon 
occurring during the potential decay, the DC electrical con-
ductivity of the material can be determined as in (4).
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where ε0 is the vacuum permittivity, ε′(T) is the real part of the 
relative permittivity (obtained from dielectric spectr oscopy 
measurements at 10−2 Hz), and τSPD is the exper imental 
decay time constant obtained by SPD measurement and tdV/
dt transformation.
3. Results and discussion
In the ionizing dose range performed in this study, the cross-
link densities of the materials were previously shown to be 
linearly increasing functions of absorbed ionizing dose [8], 
in agreement with Delides and Shepherd [13] who observed 
a linear increase of crosslink density up to 1.6  ×  106 Gy of 
γ-rays in polydimethylsiloxane, followed by a sublinear 
dependence. In this section, the ionizing doses are therefore 
proportionally linked to the crosslink density of samples.
3.1. Effect of electron irradiation on electrical charge  
transport
Conductivity spectra obtained by broadband dielectric spectr-
oscopy on pristine and irradiated neat samples are represented 
in "gure  3. They exhibit the typical behaviour of disordered 
Figure 2. Isothermal surface potential decay curves for the pristine 
"lled material at various temperatures, normalised to the initial 
potential V0. Inset: tdV/dt transformations of the SPD curves.
di electrics: a DC (direct current) plateau at low frequencies fol-
lowed by a power law of frequency at higher frequencies. Pollak 
and Geballe "rst noticed such frequency power laws on a pure 
silicon crystal at low temperature [14]. Later, Jonscher [15] pro-
posed to generalise it to all disordered dielectric mat erials under 
the name ‘universal dielectric relaxation response’ as in (5).
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The DC plateaus allow straightforward determination of the 
DC electrical conductivity σDC(T ), which displays Arrhenius 
dependence as in (6) with an activation energy of ~0.4 eV in 
the pristine case. This is in good agreement with the results of 
a previous paper [16].
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where σ∞ is the pre-exponential factor, Ea is the activation 
energy of charge transport, kB is the Boltzmann constant, and 
T is the temperature.
By de"nition, the structure of disordered solids such as 
amorphous polymers lack periodicity which is a prerequisite 
for the band theory of charge transport. Following the early 
work of Mott [17], charge carriers hopping through localised 
states was progressively accepted as the main charge transport 
process in such solids, regardless of the majority of carrier 
being electrons or ions [18, 19], which are to date the only 
models able to predict the universal dielectric response [20]. 
The Arrhenius dependence of DC conductivity suggests a 
nearest-neighbour hopping mechanism (in contrast to Mott’s 
variable range hopping, which involves jumps over farther 
distances to exonerate from too high energy barriers, resulting 
in an e
T
T
1
1 4
( )
/
−
 dependence) [21]. The order of magnitude of the 
activation energy suggests an electron hopping mechanism 
rather than ionic transport, generally in$uenced by molecular 
mobility and with activation energies usually greater than 1 eV 
[22].
A decrease in σDC with increasing ionizing dose is 
observed in "gures  3(b) and (c), accompanied with an 
increase in measurement noise. However, the universal shape 
of the real component σ′( f ) of the complex electrical con-
ductivity (as de"ned in (3)) is still observed in the spectra 
of irradiated samples, which suggests that the nature of the 
transport mechanism did not change under the in$uence of 
ionizing radiations.
Conductivity spectra obtained by broadband dielectric 
spectr oscopy on pristine and irradiated "lled samples are repre-
sented in "gure 4. As opposed to spectra of neat samples, no DC 
plateaus are observed at low frequencies, which is attributed 
[16] to Maxwell–Wagner–Sillars (MWS) polarisation [23]. 
Charge carriers are trapped around the inorganic silica and iron 
oxide "llers incorporated into the matrix, thus forming macrodi-
poles which add frequency dependence to the low-frequency 
electrical response of the material. The "llers with large size 
distribution, especially silica "llers, result in a large distribu-
tion of macrodipoles relaxation times, which are responsible for 
the disappearance of DC plateaus at low frequencies. Charge 
transport is in$uenced by MWS polarisation in the sense that 
conservative phenomena (charge trapping) are added up to the 
purely dissipative DC transport. This low-frequency behaviour 
was called low-frequency dispersion (LFD) by Jonscher [24].
Figures 4(b) and (c) show no signi"cant evolution in the 
conductivity spectra of the "lled material after electron irradi-
ation. While DC conductivity of the polymer matrix decreases 
(as seen in "gure 3), MWS polarisation still exists at the "ller–
matrix interfaces, and seems to dominate the low-frequency 
response of the "lled samples regardless of the ionizing dose.
To avoid most MWS polarisation contributions to the elec-
trical response, isothermal SPD was performed. A DC elec-
trical "eld was applied during SPD measurements, as opposed 
to AC "elds applied in BDS. Figure 5 features an Arrhenius 
plot of DC conductivity measured by SPD on pristine and irra-
diated, neat and "lled samples.
With the minor exception of the pristine neat sample (Ñ)
showing two slightly deviating points at low temperatures, all 
DC conductivities could be satisfactorily "tted with Arrhenius 
laws. The resulting Arrhenius "t parameters are reported in 
table 1 (neat samples) and table 2 ("lled samples).
The decrease in conductivity of the neat samples upon irra-
diation, already evidenced by BDS (see "gure 3), is observed 
again with SPD. Moreover, the use of a DC applied "eld 
instead of the AC "eld employed in BDS reveals an even more 
pronounced decrease in the DC conductivity of the "lled sam-
ples. Tables  1 and 2 show that the activation energy of the 
"lled material doubled after irradiation, while only slightly 
Figure 3. Broadband dielectric spectroscopy real conductivity spectra for the neat material: (a) pristine, (b) irradiated at 5.2  ×  105 Gy, and 
(c) irradiated at 9.8  ×  105 Gy.
decreased with the neat material. The incorporation of silica 
and iron oxide "llers is therefore responsible for the signi"-
cant discrepancies observed in the evolutions related to charge 
transport upon ionizing irradiation.
3.2. Filler in#uence on the evolution of ρDC and structure–
property relationships in light of electronic percolation theory
For both neat and "lled materials, the electrical resistivity mea-
sured by SPD at 30 °C, and the crosslink density determined 
by swelling tests (taken from [8]), are represented on the same 
ionizing dose scale in "gure 6. The linear scale shows the dis-
parity in the evolution of resistivity caused by the presence 
of "llers, which was less noticeable in the Arrhenius plot in 
"gure 5. A similar disparity can be observed in the evo lution 
of crosslink density, which was attributed to an additional 
crosslinking process occurring at the "ller–matrix interfaces 
in the "lled material [8]. Similarities in the evolutions of resis-
tivity and crosslink density highlighted in "gure 6 most likely 
evidence a correlation between the electrical resistivity and 
chemical structure of this elastomer.
Miller and Abrahams [25] suggested that calculating the 
electrical conductivity of a dielectric material came down to 
calculating the conductivity of a random network of resistors. 
In this view, the electron or ion hopping rates between pairs 
of localised states (or traps) are associated with equivalent 
resistors. These hopping rates depend on the physicochemical 
structure of the material, as jumps across two sites will be 
easier when spatially and energetically close to each other. 
The randomness of the resistor network therefore stems from 
the extremely disordered nature of amorphous dielectrics. 
Ambegaokar et al [26] and Shklovskii and Efros [27] devel-
oped percolation approaches to solve this problem, which 
assume charge transport occurs along a 1D ‘critical subnet-
work’ consisting of the subset of resistors of least impedance 
that yet span the entire system: the percolation path. In this 
context, the net resistance of a sample is therefore dominated 
by the largest resistors within the percolation path, which act 
as bottlenecks [18]. According to Dyre [20, 28], the activation 
energy of the macroscopic DC conductivity corresponds to 
the largest activation energy met on the percolation path, that 
is, the energy barrier of the bottleneck.
The activation energies of σDC were determined as the slope 
of linearly "ts of the curves in "gure 5. These activation ener-
gies are displayed with respect to ionizing dose in "gure 7. In 
the neat material, the activation energy of DC conductivity only 
slightly decreased after irradiation at 3.6  ×  105 Gy, as seen 
Figure 4. Broadband dielectric spectroscopy real conductivity spectra for the "lled material: (a) pristine, (b) irradiated at 5.2  ×  105 Gy, and 
(c) irradiated at 9.8  ×  105 Gy.
Figure 5. Arrhenius plot of σDC as measured by SPD on irradiated 
neat (open symbols Ñ, ◻, ∆) and "lled ("lled symbols •, ■, ▴) 
samples. Corresponding values of temperature and σDC are 
displayed on the upper x-axis and right-hand y-axis, respectively. 
Arrhenius "ts of data are represented by dashed lines.
Table 1. Arrhenius "t parameters of σDC measured by SPD on a 
pristine and two irradiated neat samples.
Ea (eV) σ∞ (S · m−1)
Pristine 0.41  ±  0.05 (1.0  ±  1.1)  ×  10−6
3.6  ×  105 Gy 0.32  ±  0.03 (2.9  ±  1.4)  ×  10−9
1.4  ×  106 Gy 0.33  ±  0.03 (3.4  ±  2.3)  ×  10−6
Table 2. Arrhenius "t parameters of σDC measured by SPD on a 
pristine and two irradiated "lled samples.
Ea (eV) σ∞ (S · m−1)
Pristine 0.33  ±  0.03 (1.5  ±  0.9)  ×  10−6
3.6  ×  105 Gy 0.61  ±  0.05 (1.9  ±  3.6)  ×  10−5
1.4  ×  106 Gy 0.58  ±  0.08 (1.6  ±  0.5)  ×  10−6
in "gure 7 and table 1. It is believed that given the relatively 
spread out con"dence interval associated with the pristine neat 
sample, the signi"cance of this decrease is questionable. In the 
"lled material, however, the activation energy of charge trans-
port doubled after being exposed to a dose of 3.6  ×  105 Gy.
For a dose of 1.4  ×  106 Gy, no further evolution of the 
activation energy was observed in neither the neat nor "lled 
materials.
Interpretation of such discrepancy stems from the struc-
tural evolution of materials upon irradiation. It was shown 
in a previous paper [8] that "ller incorporation to this matrix 
resulted in an additional radiation-induced crosslinking mech-
anism occurring through the formation of SiO4 covalent bonds 
at "ller–matrix interfaces, while crosslinking of the un"lled 
matrix mainly proceeded through the densi"cation of SiO3 
covalent bonds within the network.
In the framework of percolation theory, chemical bonds 
constitutive of the 3D polymer network can be associated with 
energy barriers that the electrons must overcome by means of 
thermally assisted hopping. Under the in$uence of an external 
electrical "eld, macroscopic drift currents $ow across the 
sample through the percolation path, which is likely to be 
altered by chemical structure evolution following ionizing 
irradiation. In the neat samples, the small sensitivity of activa-
tion energy to irradiation may be attributed to an invariance 
in the constitutive elements of the percolation path. In par-
ticular, while the densi"cation of SiO3 crosslinks in the net-
work re$ects on the percolation path and implies an increase 
in electrical resistivity (simplistically, the percolation path can 
be seen as a set of resistors in series [29]), the highest constitu-
tive barrier seems to have remained the same as in the pristine 
state. This suggests that SiO3 bonds were already present in 
the percolation path of the pristine neat sample.
With "lled samples on the other hand, the activation 
energy of conductivity showed high sensitivity to irradiation. 
Following the same interpretation scheme as with the neat 
material leads to the conclusion that a higher energy barrier 
has become constitutive of the percolation path as a result of 
irradiation. This change in the percolation path is believed 
to be discrete, triggered at a ‘threshold’ ionizing dose level 
which could not be determined in this study due to the lack 
of experimental points (the threshold lies somewhere below 
3.6  ×  105 Gy). Above the threshold dose, even though fur-
ther crosslinks densi"cation is observed (as seen in "gure 6 
for instance), the highest constitutive barrier on the percola-
tion path remains constant. In light of the crosslinking mech-
anisms evidenced in the "lled material, the new highest barrier 
is very likely to be associated with the SiO4 crosslinks formed 
at "ller–matrix interfaces. In the percolation paradigm, and by 
comparison with the evolution in the un"lled material, several 
conclusions can be drawn about these interfacial crosslinks. 
On one hand, they are associated with the highest energy 
barrier or trap in the material (~0.6 eV, which relates to the 
potential well an electron must overcome to move along the 
percolation path). On the other hand, the steep increase in acti-
vation energy observed upon irradiation suggests they were 
left outside the percolation path due to their low density in 
the pristine state. This contrasts with those of matrix-related 
SiO3. Finally, the more pronounced decrease in electrical 
conductivity observed in the "lled samples is consistent with 
the percolation approach: the percolation path incorporates 
an increasing number of deep traps (SiO4), which results in 
increasing its overall resistance.
3.3. Criticality of adhesive formulation for space applications
The decrease of intrinsic DC conductivity upon electron irra-
diation is of prime importance when it comes to space appli-
cations, particularly for surface dielectric materials. In the 
geostationary space environment, these materials will expe-
rience dose levels similar to those performed in this study, 
though much less homogeneously spread over volume due 
to low-energy particles having higher $uxes. As noted in a 
previous study [8], "ve years is a very rough estimate of the 
time needed in geostationary orbit to reach 1.4  ×  106 Gy in 
the middle of a 150 µm thick silicone "lm directly exposed 
to the geostationary electron environment. Near the exposed 
surface however, this time is greatly reduced (e.g. one year 
20 µm below the surface) and it is safe to expect exposure to 
such ionizing doses during the operational lifetime of any sur-
face material in the geostationary space environment.
Figure 7. Activation energy of σDC versus ionizing dose, for the 
neat (Ñ) and "lled (■) materials.
Figure 6. Evolution with respect to ionizing dose of DC electrical 
resistivity as measured by SPD (left-hand y-axis, "lled symbols •, 
■), and crosslink density determined by swelling tests (right-hand 
y-axis, open symbols Ñ, ◻, from [8]).
DC electrical conductivity is directly linked through (4) to 
the decay time constant of accumulated charges at the surface 
of a dielectric "lm. This time constant may be used to quantify 
the risk associated with triggering electrostatic discharges, 
which requires surface charge accumulation up to a few kV. 
Somewhat arbitrary time constant limits can be set and asso-
ciated with a risk of electrostatic discharge. For instance, 
Dennison et  al [30] suggested that this risk became critical 
when the time constant exceeds 24 h, which corresponds to the 
period of revolution in geostationary orbit, and was negligible 
when the time constant is lower than 1 h.
Electrical resistivity deduced from extrapolations of 
Arrhenius "ts of conductivity (SPD data, "gure 5) are repre-
sented over the temperature range (−50; 200 °C) in "gure 8 
for the neat material, and in "gure 9 for the "lled material. 
Associated time constants and electrostatic discharge risk 
limits are also displayed. The extrapolated resistivity values in 
these "gures should be looked upon as highlighting evolution 
trends rather than reliable values. Moreover, accurate electro-
static discharge risk anticipation requires consideration of all 
phenomena balancing surface charging in space applications: 
namely, photoemission, secondary emission, and radiation-
induced conductivity, which results in immediate enhance-
ment of electron hopping due to the interaction of incident 
ionizing radiations with the material [31]. In particular, the 
latter is expected to play a major role in telecommunication 
applications due to the high $uxes of ionizing radiations on 
the geostationary orbit by raising DC conductivity possibly by 
several orders of magnitude.
Regarding the neat material, "gure  8 shows that even 
though its resistivity increases with irradiation, the associated 
risk of electrostatic discharge remains below the critical limit 
over the majority of the temperature range. On the contrary, as 
seen in "gure 9, the resistivity of the irradiated "lled samples 
becomes critical with respect to electrostatic discharge risk 
below room temperature.
Because ground testing of electrical properties is very 
often performed at room temperature only, the fact that the 
two pristine materials have similar DC electrical behaviours 
and associated electrostatic discharge risks in this temper-
ature region could be misleading regarding their evolution 
with ionizing irradiation. The inorganic "llers incorporated 
into the polysiloxane matrix to provide speci"c functionali-
ties (namely, higher mechanical modulus, lower coef"cient 
of thermal expansion, colour, thixotropy) have unforeseen 
impacts on its electrical properties, leading to the idea that 
a compromise might exist between "ller reinforcement and 
induced degradation of electrical properties.
4. Conclusions
This study aimed at analysing the in$uence of radiation ageing 
on the electrical conductivity of a "lled silicone elastomer. 
An increase in electrical resistivity with respect to ionizing 
dose was observed in both the "lled material and its isolated 
(un"lled) polysiloxane matrix, but this effect was much less 
pronounced in the latter.
A phenomenological parallel was drawn between the 
increase in resistivity and the increase in crosslink density 
evidenced in a previous paper, as these physical properties 
displayed similar "ller-related discrepancies. In light of the 
electronic percolation theory, charge transport occurs by 
hopping over a percolation path consisting of electron traps 
(localised states) in series. The SiO3 (matrix) and SiO4 ("ller–
matrix interfaces) crosslinks were associated with electron 
traps formed upon irradiation. The increase in resistivity of 
the matrix was therefore attributed to the densi"cation of SiO3 
crosslinks. Since they are constitutive of the polymer network 
(and thus already present prior to irradiation), no signi"cant 
evolution in the activation energy of electrical conductivity 
was observed. On the other hand, it is believed that the char-
acteristic percolation path of the pristine "lled sample does 
not contain SiO4 crosslinks. However, the results of this study 
suggest that immediately above a minimum ‘threshold dose’, 
the percolation path starts to include at least one SiO4 bond, 
accounting for the steep increase in activation energy. Its 
Figure 8. ρDC of neat irradiated samples versus temperature, 
from the extrapolated Arrhenius laws of conductivity ("gure 5). 
Associated time constant for charge decay is displayed in the right-
hand y-axis. Horizontal dashed lines indicate arbitrary boundaries 
for electrostatic discharge risk (minor 1 h and critical 24 h).
Figure 9. ρDC of "lled irradiated samples versus temperature, 
from the extrapolated Arrhenius laws of conductivity ("gure 5). 
Associated time constant for charge decay is displayed in the right-
hand y-axis. Horizontal dashed lines indicate arbitrary boundaries 
for electrostatic discharge risk (minor 1 h and critical 24 h).
stabilisation at higher doses is coherent with the percolation 
approach: the number of SiO4 bottlenecks along the percola-
tion path is uncorrelated to their energetic height.
While the pristine "lled and un"lled materials are very 
similar from an electrostatic discharge risk viewpoint, the 
"ller-related additional crosslinking mechanism causes the 
electrical resistivity of the "lled material to be much more 
sensitive to ageing. These "ndings put the choice of adhesive 
formulation for space applications into new perspective: not 
only must it provide the material with desired functionality, 
but it should also be checked through ground testing that it 
does not induce unexpected evolutions of other properties 
(such as electrical) during its operational lifetime.
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